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Abstract: This study was conducted in Lake E¤irdir in 2001 and 2002, to investigate some biological characteristics, i.e. sex and
length compositions, length-weight relationship and reproduction, of the crayfish (Astacus leptodactylus Eschscholtz, 1823)
population. Sex ratios of crayfish caught with fykenets of 34 - mm mesh size (stretched mesh) were 65.2% male and 34.8% female.
The total body lengths of both sexes ranged from 40 to 150 mm and the majority were in the 110 mm length class. Although the
average lengths of both sexes were nearly the same, the average weight of male crayfish was higher than that of females. The length
(L) - weight (W) relationships for males, females and combined sexes were Log W = -10.007 + 2.922 Log L (R2 = 0.960), Log W
2
2
= -9.206 + 2.724 Log L (R = 0.977) and Log W = -9.714 + 2.850 Log L (R = 0.958), respectively. Mating and spawning of
crayfish started in mid- December and mid- January, respectively. Embryonic development of eggs lasted until the beginning of June,
and young larvae hatched from the eggs left their mothers by the middle of June. First maturity length (Lm) was estimated as 97.9
mm for female individuals. The fecundity (F) – length and the fecundity – weight relationships were F = -359.3 + 56.6 L (R2 =
0.670) and F = 151.4 + 3.09 W (R2 = 0.779), respectively. On the other hand, in 27.9% of females with cement glands no eggs
were seen.
Key Words: Lake E¤irdir, crayfish, Astacus leptodactylus, population structure, reproduction

E¤irdir Gölü'ndeki Tatl›su ‹stakozu (Astacus leptodactylus Eschscholtz, 1823)’nun
Baz› Biyolojik Özellikleri
Özet: Bu çal›flma, E¤irdir Gölü'ndeki tatl›su istakozu (Astacus leptodactylus Eschscholtz, 1823) populasyonunun efley ve boy
kompozisyonlar›, boy-a¤›rl›k iliflkisi ve üreme gibi baz› biyolojik özelliklerini incelemek için 2001 ve 2002 y›llar› aras›nda
yürütülmüfltür. Göz geniflli¤i 34 mm (gerilmifl a¤ gözü) olan pinterlerde yakalanan tatl›su istakozlar›n›n efley oranlar› % 65,2 erkek
ve % 34,8 diflidir. Her iki efleyin de total vücut boylar›n›n 40 ile 150 mm aras›nda de¤iflti¤i ve ço¤unlu¤unun 110 mm boy s›n›f›nda
oldu¤u tespit edilmifltir. Erkek ve difli bireylerin ortalama boylar› hemen hemen eflit oldu¤u halde, erkek bireylerin ortalama a¤›rl›klar›
diflilere göre daha yüksek bulunmufltur. Erkek, difli ve her iki efleyin ortak boy (L) - a¤›rl›k (W) iliflkileri s›ras›yla Log W = -10,007
2
2
2
+ 2,922 Log L (R = 0,960), Log W = -9,206 + 2,724 Log L (R = 0,977) ve Log W = -9,714 + 2,850 Log L (R = 0,958) fleklinde
tespit edilmifltir. Çiftleflme Aral›k, yumurtlama ise Ocak ay›n›n ortalar›nda bafllamaktad›r. Yumurtalar›n embriyonik geliflimi Haziran
ay› bafllar›na kadar sürmekte, yumurtadan ç›kan larvalar Haziran ay› ortalar›na kadar anaçlar› terk etmektedirler. Difli bireyler için
ilk efleysel olgunluk boyu (Lm) 97,9 mm olarak hesaplanm›flt›r. Fekondite (F) – boy ve fekondite – a¤›rl›k iliflkileri F = -359,3 + 56,6
L (R2 = 0,670) and F = 151,4 + 3,09 W (R2 = 0,779) olarak saptanm›flt›r. Di¤er taraftan, spermatoforlu bireylerin % 27,9' unda
hiç yumurta görülmemifltir.
Anahtar Sözcükler: E¤irdir Gölü, tatl›su istakozu, Astacus leptodactylus, populasyon yap›s›, üreme

Introduction
From the end of the 1960s to 1986, crayfish (Astacus
leptodactylus Eschscholtz, 1823) was the most important
fisheries product in Lake E¤irdir. Total crayfish
production in Turkey was about 3000 t in the 1970s, and
75% of this yield was obtained from Lake E¤irdir
(Erdemli, 1982). Unfortunately, the yield of crayfish
from 1984 to 1986 decreased from 2014 t to 12 t in the

lake (Bayrak et al., 1991), and catching crayfish was
prohibited in 1986. The reason was determined to be an
acute outbreak of crayfish plague, Aphanomyces astaci
Schikora (Furst, 1988). After about 15 years, the
crayfish population considerably increased in the lake, and
fishing was allowed again in autumn 1999. Since that
time, crayfish have been caught between 15 June and 24
December. In 2001, yearly yield was 602 t. It is clearly
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shown that the crayfish population has significantly
increased in the lake in recent years. The crayfish
population should therefore be observed carefully to
determine maximum sustainable yield. In particular,
population features should be well known. Thus, the aim
of this study was to determine the population structure
and reproduction features, i.e. the sex and length
composition, the length-weight relationship, maturity
size, fecundity, and mating, spawning and hatching time.

Materials and Methods

0.1 g]. Sex, maturity, mating, spawning and hatching
statuses were recorded during the study. In addition, the
surface water temperature of the lake was measured
each month.
Sex and length composition, the average length and
weight, and the length-weight relationship for each sex
and combined sexes were determined from samples. The
length-weight relationship was calculated using Le Cren’s
equation: W = aLb (Le Cren, 1951), where W is the
weight (g) and L is the body length (mm) and a and b are
parameters of regression.

Lake E¤irdir is located in the Lakes Region of Turkey.
The total surface area of the lake is 46,800 ha, its mean
depth is 8-9 m, and the altitude is 918 m. The major fish
species in the lake are the carp (Cyprinus carpio),
pikeperch (Sander lucioperca), silver crucian carp
(Carassius gibelio), and vimba (Vimba vimba).

For the estimation of the mean lengths at 50%
maturity, a logistic function was fitted to the proportion
of the mature individuals by length class using nonlinear
regression. The function used is below (Skúladóttir,
1998; DeMartini et al., 2000):

Samples were collected monthly with fykenets of 34 mm mesh size (stretched mesh) at 3 different localities in
the lake (Figure 1) from March 2001 to February 2002.
Sixty fykenets were set before noon in each study area.
After 2 days, the nets were hauled and the crayfish
harvested. Each sample was measured [total body length
(L) to the nearest mm] and weighed [(W) to the nearest

where PL is percentage mature at length L, and a and b
are regression parameters. The mean lengths at 50%
maturity were calculated by L50 = -a/b.

PL = 100/[1 + e(a-bL)]

Fecundity was determined by counting the pleopodal
eggs. The relationships between fecundity-length and
fecundity-weight were calculated by the least-squares
method.
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Figure 1. Map of Lake E¤irdir showing the study areas.
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We tested differences between male and female
crayfish for the average length and weight by Student’s ttest, and the difference in the rates of male and female
crayfish by χ2-test (Yurtsever, 1984; Elbek et al., 2002).

For females

Log W = -9.206 + 2.724 Log L
(R2 = 0.977, n = 1264)

For combined sexes Log W = -9.714 + 2.850 Log L
(R2 = 0.958, n = 3630)
Length at first maturity

Results
Sex and length composition
In samplings 3630 crayfish were caught using
fykenets. The ratio of males (2366) to females (1264)
was 1.87:1, and the difference between the sexes was
statistically significant (χ2 = 4.621 > χ21, 0.05 = 3.84) in
the samples observed above 40 mm length. Length
distribution was from 40 to 150 mm, and the majority
were 110 mm (Figure 2).
Length-weight relationship
The average length and weight of samples were
104.5 ± 0.5 mm and 40.6 ± 0.5 g for males, 104.7 ±
0.6 mm and 35.4 ± 0.5 g for females and 104.5 ± 0.4
mm and 38.8 ± 0.3 g for the combined sexes,
respectively. There was no statistically significant
difference between the average lengths of 2 sexes (d.f. =
3628, t = 0.257, P > 0.05), but a significant difference
between their average weights (d.f. = 3628, t = 7.325,
P < 0.05) was present.
The equations of length-weight relationships were
calculated using the lengths and weights of the samples as
follows:
For males

Log W = -10.007 + 2.922 Log L

Length at first maturity was estimated as 97.9 mm
from the equation L50 = (-9.3793/-0.0958). Percentages
of mature crayfish for different lengths were calculated
using the formula PL = 100/[1 + e(9.3793 + 0.0958 L)], and
then the maturity ogive was drawn using these values
(Figure 3).
Mating, spawning and hatching periods
It was determined that mating began the middle of
December and the first crayfish with pleopodal eggs was
seen in the middle of January, when water temperature
was between 4 and 5 °C. During the study, cement glands
were clearly visible across the ventral side of the
abdomen. The embryonic development of eggs, under the
abdomens of the female crayfish, lasted about 4-5
months. The first young crayfish was seen at the
beginning of June, and all larvae had emerged by the
middle of June, when the water temperature was
between 22 and 24 °C.
Fecundity
The number of pleopodal eggs varied between 1 and
570 eggs/crayfish. It was determined that 27.9% of
females with cement glands had no pleopodal eggs. The

(R2 = 0.960, n = 2366)
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Figure 2. Length distributions of male and female crayfish in Lake
E¤irdir.
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Figure 3. Ogive of first sexual maturity for female crayfish in Lake
E¤irdir.
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average fecundity for females with pleopodal eggs was
208.6 ± 18.6 eggs/crayfish and 6.30 ± 0.22 eggs g-1.
There was a linear increase both between fecundity and
length, F = -359.3 + 56.6 L (R2 = 0.670), and between
fecundity and weight, F = 151.4 + 3.09 W (R2 = 0.779).

Discussion
The proportion of male individuals in the crayfish
population of Lake E¤irdir was higher than that of
females. Erdemli (1982) stated that female crayfish were
more abundant than males in this lake about 20 years
ago. Similarly, the proportions of female individuals in the
samples taken from Lakes Uluabat, Manyas, ‹znik, Eber,
Akflehir and Terkos and Miliç River by Köksal (1980),
Lakes Beyflehir, Akflehir and Eber and Apa Dam Lake by
Erdemli (1982), Lake Mogan by Karabatak and Tüzün
(1989), and Dikilitafl Reservoir by Köksal and Korkmaz
(2000) were higher than those of males or were similar
to them. In contrast, a high proportion of males was only
determined in Keban Dam Lake (Duman and Gürel,
2000). In our opinion, the proportion of female crayfish
in Lake E¤irdir gradually decreased from 1999 to 2002
because male crayfish caught were thrown back into the
lake in November and December. Male crayfish caught by
fishermen during this period were not bought by
exporting firms. According to these firms, male crayfish
caught in November and December (especially during the
mating period) are not popular among consumers in the
importing countries. To maintain the sex ratio of the
crayfish population in the lake, this kind of fishing must
be prohibited. Otherwise, the proportion of females will
decrease further in the future. The sex ratio of a
population clearly affects the potential reproductive rate
and may affect social interactions in many vertebrates
(Krebs, 1972).
Although the average lengths of both sexes were
nearly the same, the average weight of males was higher
than that of females. This difference is consistent with the
slope (b) values [b = 2.922 ± 0.0012 for males and b =
2.724 ± 0.0021 (± SE) for females] of the length-weight
relationships of male and female crayfish. In addition, the
b value of females was significantly different from 3 (ttest, d.f. = 2364, P < 0.05), but was not (t-test, d.f. =
1262, P > 0.05) for males. The results suggested that
the male crayfish in Lake E¤irdir grows isometrically, but
the females grow allometrically. The b value of the
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combined sexes was 2.850 ± 0.0007 (± SE) and it was
significantly different from 3 (t-test, d.f. = 3628, P <
0.05). The b value was found to be about 3 in Lake
Mogan by Karabatak and Tüzün (1989) and in Ayranc›
Dam Lake by Erdem and Erdem (1994). However, the b
values of both sexes (b = 2.66 for males and b = 2.51 for
females) reported in the A¤›n region of Keban Dam Lake
by Harl›o¤lu (1999) were smaller than the b values in
Lake E¤irdir. The average length and weight of samples
in Lake E¤irdir were higher than those in Lake Beyflehir
(Erdemli, 1982), Lake Hotam›fl and Mamas›n Dam Lake
(Erdemli, 1987), Dikilitafl Reservoir (Köksal and
Korkmaz, 2000), and Lake ‹znik (Bal›k et al., 2002), but
lower than those in Lakes Akflehir and Eber and Apa Dam
Lake (Erdemli, 1982), Ayranc› Dam Lake (Erdem and
Erdem, 1994) and (in 1995 and 1996) Lake E¤irdir
(Bolat, 2002). The reason for these differences may be
factors such as the environmental, food, population
density and the selectivity of the traps or fykenets used in
the studies. In addition, male crayfish were heavier than
females. This disparity is due primarily to the accelerated
development of the male chelae with the onset of sexual
maturity, while the chelae of the females remain
isometric throughout their life (Romaire et al., 1977).
Furthermore, males are rougher and more thick-set than
females (Skurdal and Quvenild, 1986). Lengths of both
male and female crayfish ranged from 40 to 150 mm.
The catching of crayfish smaller than 90 mm in total
length is prohibited in all Turkish lakes (TKB, 2002).
However, in this study 27.3% of individuals caught in the
fykenets were smaller than the legal catching size.
Therefore, the mesh size of fykenets should be increased
from 34 mm to at least 40 mm. The mesh size of nearly
all fykenets used by fishermen in Lake E¤irdir is 34 mm.
Sexual maturity for female crayfish began at about 80
mm and 50% of them were mature at 97.9 mm total
length. Length at first maturity for female crayfish in
Lake E¤irdir was reported as 71 mm at the beginning of
the 1980s by Erdemli (1982) and 74 mm in 1995 and
1996 by Bolat (2002). First maturity length for female
crayfish in Lake E¤irdir was higher than the lengths
reported in Lakes Beyflehir, Akflehir and Eber and Apa
Dam Lake (Erdemli, 1982), Lake Mogan (Karabatak and
Tüzün, 1989), Seyhan Dam Lake (Çevik and Tekelio¤lu,
1997), Keban Dam Lake (Duman and Gürel, 2000) and
Lake ‹znik (Erdem et al., 2001). In freshwater crayfish,
size at maturity varies significantly within and between
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populations. It is generally thought that factors such as
food, temperature, water quality and density may
contribute to the variation (Abrahamsson, 1972).
Therefore, the maturity size of the crayfish population in
Lake E¤irdir may have increased in recent years. Length
at first maturity was higher than the legal catching size.
Therefore, the minimum catch length for crayfish in Lake
E¤irdir should be increased from 90 mm to 100 mm.
The crayfish population in Lake E¤irdir mated during
the second half of December and spawned in January.
The embryonic development of eggs lasted until the
beginning of June, and the young crayfish left their
mothers by the middle of June. Erdemli (1982) and Bolat
(2002) reported that the first young crayfish in this lake
were seen at the end of May or at the beginning of June.
Mating, spawning and hatching times may vary from year
to year, because these times are affected by
environmental conditions; in particular, hatching requires
temperatures above 15 °C (Abrahamsson, 1972). In
Turkey, the catching of crayfish is prohibited between 25
December and 14 June (TKB, 2002). The results of this
study showed that the legal closed season, considering
their reproduction period, is suitable for crayfish in Lake
E¤irdir.
It was determined in this study that 27.9% of females
with cement glands had no pleopodal eggs. Furthermore,
egg numbers in crayfish with pleopodal eggs were very
high, varying between 1 and 570 eggs. It is clearly seen
that some or all of the ovarian eggs in the crayfish
population of Lake E¤irdir are lost for different reasons.
Nevertheless, the average fecundity (209 eggs/crayfish)
was higher than the value (148 eggs/crayfish) reported in
the same lake by Erdemli (1982). According to Bolat
(2002), the pleopodal egg number in this lake varied
from 69 to 463 eggs/individual in 1996, but no
information was given about females with cement glands
but without eggs. Erdemli (1982, 1985) stated that the

average fecundity was 156, 149, 161, 163 and 153
eggs/individual in Lakes Beyflehir, Akflehir, Eber and
Hotam›fl and in Apa Dam Lake, respectively. These
fecundity values were lower than that in Lake E¤irdir.
Similarly, the relative fecundity of crayfish in Lake E¤irdir
was also higher than or similar to levels elsewhere.
However, the average fecundity (306 eggs/crayfish) of
crayfish in Keban Dam Lake (Harl›o¤lu et al., 2004) and
both the average fecundity (216 eggs/individual) and
relative fecundity (6.5350 eggs/g) of crayfish in Lake
Ifl›kl› (Güner and Bal›k, 2002) were higher than those in
Lake E¤irdir. Many crayfish lose a considerable number of
eggs between the time of spawning and the time the
young crayfish hatch (Abrahamsson, 1971). For example,
the number of pleopodal eggs in Lake Steinsfjorden in
Norway was determined to be 55%-60% that of the
ovarian eggs by Skurdal and Qvenild (1986).
Discrepancies between ovarian and pleopod counts prior
to incubation are because of the failure of some eggs to
attach and because some females do not extrude all their
eggs at spawning (Penn, 1943). In addition, Taugb∅l and
Skurdal (1989) determined that some mature females
reabsorbed their ovarian eggs, and some mature females
lost all their eggs during laying.
In conclusion, the crayfish population destroyed by the
plague in 1985 has increased significantly in Lake E¤irdir
recently. It is now the most important product in the
lake. The results of this study showed that the catching
season for crayfish is suitable for mating, spawning and
hatching times. However, the minimum catching length
should be increased from 90 mm to 100 mm. Male
crayfish caught in November and December must not be
released back into the lake to avoid disturbing the sex
ratio of the population. In addition, for sustainable
economic yield, the crayfish population should be
carefully monitored in the future as well.
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